Genome-wide DNA methylation profiling by MIRA-microarray analysis. We used the methylated CpG island recovery assay (MIRA) in combination with microarray analysis (25,26) to globally profile DNA methylation in primary, senescent and immortalized MEFs. As a pull-down assay for enrichment of the methylated CpG content of DNA, the MIRA is based on the ability of the methyl-CpG binding 2b (MBD2b) protein to bind methylated-CpG dinucleotides, while this reaction is enhanced in the presence of MBD3L1 protein (27). The MIRA-enriched-and input (non-enriched) DNA fractions can be amplified by polymerase chain reaction (PCR), and subsequently labeled and hybridized to commercially available microarrays to interrogate chromosomal regions of interest or the entire CpG islands of a genome (25,26). Briefly, one microgram of genomic DNA from either primary, senescent, or immortalized MEFs was fragmented to an average size of 300-700 basepairs (bp) using a UCD-200 Bioruptor sonicator (Diagenode Inc., Sparta, NJ). Purified GST-tagged MBD2b and His-tagged MBD3L1 proteins (2.5 µg each) were pre-incubated in a mix containing 10 mM Tris-HCl, pH 7.5, 50 mM NaCl, 1 mM EDTA, 1 mM DTT, 3 mM MgCl 2 , 0.1 % Triton-X100, 5% glycerol, 25 mg/ml BSA, and sonicated JM110 
The raw intensity of probes was normalized by Loess normalization within each array and the resulting log2 ratio data were further quantile normalized across all the arrays. Probes were selected as positive if their normalized log2 ratio was above 1 (2-fold). For our analysis, we defined a methylated region of interest (methylation peak) as a region with at least four x Processing and analysis of DNA methylation microarray data.
consecutive positive probes, allowing one probe gap, covering a minimum length of 350
bp. This stringent definition will help preclude false-positive results. Identified methylation peaks were mapped to known transcripts defined in the UCSC Genome Browser MM9 RefSeq database (http://hgdownload.cse.ucsc.edu/goldenPath/mm9/database/). Methylation peaks falling into 1,000 bp relative to transcription start site (TSS) were defined as 'upstream' peaks; methylation peaks falling within 1,000 bp of RefSeq transcript end sites were defined as 'downstream' peaks, and those falling within gene bodies (from +1,000 bp of TSS to -1,000 bp of transcript end) were defined as 'intragenic' peaks. Methylation peaks that
were not close to any known transcripts were defined as 'intergenic'. Methylation peaks in primary, senescent, and immortalized murine fibroblasts were identified as above. The methylated regions in immortalized samples were matched by outer join, and their methylation status was determined by the presence of methylation peaks in each sample in these matched regions. Only the regions methylated in the three immortalized cell lines and unmethylated in the respective primary fibroblasts were considered as hypermethylated candidates. The average log2 ratios of probes within these candidates in immortalized cells were compared to the average log2 ratios of probes in primary cells, and the final hypermethylation peaks were selected if the difference was more than 1 (over 2-fold). Conversely, hypomethylated candidates in immortalized cell lines were selected as those in which hypermethylated peaks were present in all of the primary fibroblasts with an average probe log2 ratio of >1 (over 2-fold) relative to immortalized cell lines. The annotated genes were analyzed using the DAVID: v 6.7 and the IPA: v 9.0 to provide gene enrichment analysis, functional annotation clustering, and details of the gene families found within the gene clusters.
We verified the methylation status of individual target loci/genes identified by MIRAmicroarray analysis using the conventional combined bisulfite restriction analysis (COBRA) (28), and sodium bisulfite sequencing (29) . Briefly, one microgram of genomic DNA from primary, senescent or immortalized MEFs was subjected to sodium bisulfite treatment using the Qiagen EpiTect kit according to the manufacturer's instructions (Qiagen). The purified bisulfite-treated DNA was analyzed by standard COBRA assay (28) using sets of primers specifically designed for each target CpG island. The primer sequences used for PCR amplification of all the analyzed targets are shown in Table S1 . Mouse genomic DNA was methylated with M. SssI CpG methyltransferase (New England Biolabs), and served as positive control. For genomic sequencing, the PCR products obtained after bisulfite conversion of genomic DNA were cloned into the TOPO-TA cloning vector according to the manufacturer's instructions (Invitrogen Inc.). Up to ten randomly selected clones from either primary, senescent or immortalized MEFs samples were sequenced using an ABI-3730 DNA Sequencer (ABI Prism, PE Applied BioSystems, Foster City, CA).
We have specifically determined the methylation status of major repetitive DNA elements, including long interspersed Single gene/locus DNA methylation analysis by COBRA and bisulfite sequencing.
DNA methylation analysis in repetitive DNA elements.
in vitro
nuclear elements (LINE L1), interacisternal A particle long terminal repeat retrotransposons (IAP-LTR), and short interspersed nuclear elements (SINE B1) (30-32), in the genome of primary, senescent or immortalized MEFs using a bisulfite-based sequencing analysis (33). The method involves sodium-bisulfite treatment of the genomic DNA, followed by primer amplification of the consensus sequences from the respective elements, and subsequently direct DNA sequencing (33). Evolutionarily, methylated
CpGs on the forward-or reverse strands of these elements can undergo spontaneous deamination of 5-methylcytosine to thymine, thereby, mutating to 5'-TpG-3' or 5'-CpA-3', respectively. Dependent on the status of cytosine methylation, non-mutated CpGs can be converted to 5'-TpG-3' (if unmethylated) or remain unchanged (if methylated) after bisulfite treatment of DNA (33). Thus, direct DNA sequencing of the bisulfitetreated and PCR-amplified fragments derived from these elements can provide detailed information on the status of CpG methylation and mutation in these elements (26, 33) . Table S3 provides information on the genomic sequence and primer design of the repetitive DNA elements analyzed in the present study. Sodium bisulfite genomic sequencing was performed as described previously (25), with randomly selected clones from each set of samples.
We used the GeneChip® Mouse Genome 430 2.0 Array (Affymetrix Inc., Santa Clara, CA) to establish the global gene expression profile of MEFs at three different stages (beforecrisis, crisis, after-crisis). Currently, this microarray platform is the most comprehensive mouse genome expression array, which enables interrogation of over 39,000 transcripts
Genome-wide gene expression profiling by Affymetrix-microarray analysis.
and variants from over 34,000 well-characterized mouse genes. Before microarray analysis, RNA samples were checked for integrity using a RNA 6000 Nano Chip kit in an Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA). Synthesis of double-stranded cDNA from total RNA, fragmentation, hybridization, staining, and microarray scanning were performed according to the Affymetrix instructions (Affymetrix Inc.). Quality control evaluation of the gene expression data was performed using the Affymetrix Expression Console™ software (Affymetrix Inc.). After passing quality control, data were processed for bioinformatics analysis ( , below).
Raw intensity measurements of all probe sets were corrected for background, normalized, and converted into expression measurements by using the Affymetrix Expression Console™ software (version 1.1). The correlation between all replicates under each condition was above 0.94, which indicated that the experiment had good reproducibility. The
Bioconductor package 'ArrayTools' was then used to identify differentially expressed genes between immortalized and senescent murine fibroblasts as compared to counterpart primary low passage cells. Genes with significantly different expression levels were selected by using a cutoff value of <0.05, and two-fold change in the level of expression. The gene expression profiles were clustered with Pearson dissimilarity and average linkage with Cluster v3.0, and visualized by Java Treeview. The genes in each cluster were analyzed using the DAVID: v 6.7 and the IPA: v 9.0 to provide gene enrichment analysis, functional annotation clustering, and details of the gene families found within the gene clusters.
see P

Processing and analysis of Gene expression microarray data.
We confirmed the expression status of individual target genes identified by Affymetrix-microarray analysis using a standard quantitative realtime-PCR qRT-PCR) assay (34). Briefly, total RNA (0.5 g) from murine fibroblasts (before-crisis, crisis, and after-crisis) was reverse transcribed using the SuperScript® VILO™ cDNA Synthesis kit according to the manufacturer's instructions (Invitrogen).
The synthesized cDNA was then used for PCR amplification in the presence of the specific primer sets and the EXPRESS SYBR ® GreenER ™ qPCR SuperMix (Invitrogen).
The mouse glyceraldehyde-3-phosphate dehydrogenase ( ) served as reference gene. PCR reactions were carried out using the DNA Engine Opticon 2 Real-time Detection System (Bio-Rad Laboratories, Clinical Diagnostics Group, Hercules, CA).
The cycling conditions included a pre-incubation at 50°C (2 minutes) and at 95°C (2 minutes) followed by forty cycles at 95°C for 15 seconds and 60°C for 1 minute. All samples were analyzed in triplicate, and fold changes were determined using the 2 -C T method (34). 
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Hypermethylated CpG island associated with the locus. Representative dot plots of differentially expressed genes in senescent and immortalized mouse fibroblasts counterpart primary cells versus Table S1 : Sequence information of primers used in this study. 
Primers
Cldn5
Figure S4 Figure S5 
